EASTERN REGIONAL RESEARCH CENTER
AGRICULTURAL RESEARCH SERVICE
UNITED STATES DEPARTMENT OF AGRICULTURE
600 E. MERMAID LANE
WYNDMOOR, PA 19038
(215) 233-6400

Title: The Vacuum/Steam/Vacuum Process

Author(s): M. Kozempel, N. Goldberg and J.C. Craig Jr.

Citation: Food Technology (2003) 57:(12) 30-33

Number: 7367

Please Note:

This article was written and prepared by U.S. Government employees on official time, and
is therefore in the public domain.

Our on-line publications are scanned and captured using Adobe Acrobat. During the

capture process some errors may occur. Please contact William Damert, wdamert@arserrc.gov
if you notice any errors in this publication.



mailto:wdamert@arserrc.gov

The Vacuum/Steam/
acuum Process

Prototype process reduces bacteria on solid foods without thermal damage.
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umerous research efforts are underway to eliminate surface

bacteria from food. Some attempt to sanitize the surface with

aqueous solutions of chemicals such as lactic acid. Some
incorporate the antimicrobial agents into the product or packaging. In
this manner, they kill the bacteria and leave a residual antimicrobial
agent in the product to prevent further recontamination. Some of these

agents are commercially available.

There are also thermal processes. One is a commercially available post-
packaging hot-water process in which hot dogs are submerged in hot wa-
ter near boiling for 20 min. Other processed meats are submerged for
longer times. The process is effective but is large, requires a higher-cost
packaging film, and requires a package-drying step. The process is general-
ly suitable for cooked product.

Various steam processes are under development for killing bacteria on
the surface of solid foods, Bremer et al. (2002) developed a pilot-plant
process using steam to kill pathogens on the skin, gut, and gill cavities of
king salmon. The process uses 689 kPa steam for an 8-sec hold time. Un-
der these conditions, they achieved a 4-log reduction of Listeria monocyto-
genes.

The Food Refrigeration and Process Engineering Research Centre at the
University of Bristol has been working on several processes, including 2
steam process to surface-treat foods (Anonymous, 1999). They have
looked at steam from subatmospheric to pressurized. Times ranged from
10 1o 40 sec at 85°C. Reductions were 1—4 log on beef. They are also inves-
tigating the use of hot air, water immersion, infrared, microwaves, and
ozone.

Frigoscandia developed and patented a process based on atmospheric
steam to kill bacteria on the surface of beef carcasses (Wilson et al., 1999,
2000). The carcasses pass between spray nozzles that shower the steam
onto the surface for 8 sec. This process reduces the bacteria level by more
than 1 log (Phebus et al., 1997; Nutsch et al., 1997).

The VSV Concept

If we look at solid foods up close, the surface will appear quite rough
with many pores (Fig.1). It’s difficult to kill bacteria that get into these
pores with sanitizing solutions because surface tension prevents the liquid
from entering the pores.

Steam can rapidly kill bacteria. It is a gas, and its mean free path is less
than the size of bacteria (Morgan et al., 1996a). Therefore, steam should be
able to enter the pores and kill the bacteria.

However, we live in an ocean of air that contains a varying amount of

R7367-01



water vapor (humidity), so
that a very thin layer of air plus
the entrained moisture sur-
rounds all solid food. Some
solid food, such as chicken, is
processed in water and is wet.
Steam cannot pass through
these barriers of air and water
to reach the bacteria. These
barriers act as insulation
against the steam. Steam must

1 for whole carcasses. Why?

" After a series of studies. it
became apparent that there wat
no effective exposure to vacu-

i um and steam in the cavity.
Retrofitting various mandrels
to the main chamber to expose
the cavity to vacuum and stearr
showed that the mandrel con-
cept could work if perfected.
The VSV process was applied t¢

Bacteria

transfer its energy across these
barriers to kill the bacteria.
The time to transfer the energy across the barriers is too long
and causes thermal damage to sensitive foods like chicken. So
how can we get the steam rapidly into intimate contact with
the bacteria without thermally damaging the product?

It is critical that the thermal transfer to the bacteria be ex-
tremely fast so that only the bacteria are affected, not the food.
Morgan et al. (19963, b) proposed the following concept to re-
move these barriers to thermal transfer: Apply vacuum to the
food to remave the air and moisture; rapidly apply steam to kill
the bacteria in the pores; then expose the food to vacuum again
to remove the condensate and evaporatively cool the surface.
The times of exposure must be short, on the order of 0.1 sec.

Normally, steam condenses as a film (film-type condensa-
tion), but under special circumstances it can condense as drop-
lets (dropwise condensation). In the latter case, the surface is
not uniformly wetted and the condensate appears as discrete
droplets. Heat transfer coefficients for dropwise condensation
can be 6-18 times higher than for film-type condensation. The
treatment proposed by Morgan et al., in addition to removing
the insulating films of water and air, could also be promoting
dropwise condensation.

Both explanations of the mechanisms are hypotheses. We
are currently investigating methods to elucidate the mecha-
nism. In theory, the concept is simple. In practice, it's not so
stmple to achieve.

Pilot-Plant Process Developed

We developed a pilot-plant process, based on this concept,
that exposes solid food products to vacuum, then steam, then
vacuum again. Saturated steam
15 used to take advantage of the
very large latent heat of con-
densation relative to the sensi-
ble heat transferred due to tem-
perature difference in cooling
superheated steam. We call the
process the Vacuum/Steam/
Vacuum (VSV) process, Fig. 2
shows the pilot-plant VSV pro-
Cessor.

The ininal and primary fo-
cus of the research was on
chicken. Several large chicken
processors cooperated In test-
ing the process on freshly
slaughtered chicken carcasses,
but there was no statistically
significant bacterial kill. The
prototype process did not work

Fig. 1—Cross-section of soiid food surfaces.

Fig. 2—The prototype pilot-plant VSV processor.

whole carcasses using three dit-
ferent mandrels. Saturated
steam at 138°C, steam time of 0.1 sec, and vacuum time of 0.3
sec were used. Mandrel 1 yielded a 0.72-log cfu/mL kill, man-
drel 2 2 0.70-log cfu/mL kill, and mandrel 3 a 0.79-log ¢fu/mL
kill, all statistically significant at the 95% confidence level
(Kozempel et al., 2001a). This showed conclusively that adding
a mandrel to the VSV processor gave statistically significant
bacteria kills and that the cavity was treated.

Field Testing

A new VSV processor (Fig. 3) was designed to be mobile to
g0 to the processors to evaluate its capability with freshlv
slaughtered carcasses. The unit mounts on a flatbed truck and
is self-sufficient with all utilities needed. A detailed descriptior
of the mobile VSV processor can be found in Kozempel et al.
(2003).

The mobile unit was first tested in the pilot plant. To deter-
mine the effectiveness of the process to kill bacteria, carcasses
were inoculated with nonpathogenic Listeria innocua or Es-
cherichia coli K-12. The process was optimized using factorial
experimental designs. Optimum process conditions found
were 3 cycles at 138°C for 0.1 sec/cycle. Vacuum time was 0.1
sec except for the final vacuum, which was 0.5 sec. Bacterial kil
was 1.1-1.4 log cfu/mL. This was comparable to the bacterial
kill attained in the previous pilot-plant VSV processor.

The VSV process caused significant mechanical damage to
the carcasses in the initial experiments. Some carcasses were
ripped in half along the length of the visceral cavity. The main
valve appeared to grab the neck area and rip the carcass. Thev
were also ripped on the bottom where the carcass sat on the hor
izontal section of the mandrel.
Many of the carcasses had a leg
broken. Modifving the mandre
greatly reduced the mechanical
damage, but the legs of most
carcasses were still broken.

Although there was still toc
much mechanical damage. we
were scheduled to make the
first series of tests at our sister
laboratory, the Richard Russel
Research Center in Athens. Ga
The center is in the heart or
chicken processing country., s¢
we were able to obtain freshly
slaughtered carcasses before
the chill tank. Since the mobil:
VSV unit was successtul bacte.
riologically and mechanical
damage was greatly dinun-
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tshed, we procesded with the
figld toste,

The mobile VBV prowsiur
was ponnted on a flathed
truch snd debven to the (Do
and experiments wore miade on
s da. The SAINIEses ware
abidned a1 2 locsl plane,
placed lo an suistad chest,
and Tnmedisiely tramsporiad
g0 the center, Teavel thmes wive
foss than 30 min A 2 fctorisl
design was used on the first
day, and ¥ on the sesond. On
iy firer Aoy, the bacterisd kill
for the seturelly oosurring &
coff and Compylobasior was
1.2-1.3 log, compearsble wo the BIOGEE
L fnand a the pilet plant with L innecws and B coli K13,

The secand day showed simitar resules. B coff was educed
by 1.0 log, Thers was litthe Canpylobaster on the controf ar-
samses, Oudy 4 of & uonteoly were positive. Howeves, only 1 of
12 processed carcasses was positive, and that was with only 2
cycles of treatment, None of the samples that were cydied 3
times fevtesd positive.

1t was during these field tests thet the cause of the leg break-
age and mechanical damage berame pheions. in the previons
pilop-plant processon, ¢ screen was 5t in the botion of te
treatment chammber fo hold the carsass. Afier the mandrel was
added, the sorpen was considered superfivous. Therefe, In the
saohile unit, there was Do suppori scresn provided; only the
mandrel, The legs of the carcess hung below the chamber whes
theve ws no support for the legs, When the main valve slosed,
one leg got canght and broken, This ocourred at the bottors of
he vaive, 5o it wes not visnaly obvicus delng procesing.
Therefore, when we returned o our laboratory, we added a
scrven 1 the mandrd to hold the lugs inslde the chamber. With
the sdditian of this sereen, mechanicel damage dissppeared.

Bactertal kill was checked in the pilot plant after these ad-
justmenta. The bacterial kil wa eosaparable to the previouy
pilotaplant results and 0 the field tesis, It averaged L1-1.6 log
fre imocadetedd L fnnocus, depending on the soures ur brand of
ehicken,

Application to Uther Foods

Adthough the prinssry objective of the research wes (o de-
velop 2 pracess 1o surface-pasteutize chicken carcasses, we alio
applied the process to various other solid foods.

» Hat Dogs. Hot dogs should be free of Lisseria contamina-
fion when exiting the cooken Removal of the casiog snd atme-
sphettc contamination exposes the produst te Fieris afier
cooling and before packaging. This contasvinatian is on the
warface and amenable 1w surface pasteurization,

T 195889, there was 2 largy recall of hot dogs dua to con-
snmniration with Liverle monagdopenes [CDU, 1988 1999, <)
Therefore, we applicd the VSY process 1o bet dogs inceulated
woith L, inpocsa In the pilobplant wnit and used fctorial expesi-
mentm! designs 1o optimize the process {Kozempel et al, 2000

Alr and molsture on the surfacs of the hot dog inerferes
with the rapid energy tratsfer Bow the stewrs v the product.
Adthough the interfering surface Tayers are removed with the
infsial vamau, the eondensing steam itself continuously de-

Fifl, Seecflasingy Wiminped imneris & mast sampde ebs e ookl YOV

posits 4n insulating water (pone
denzate} lytr during procesy-
ing, Crding bobwesn vacown
and steam effectively romovad
this redepsites water japey gl
improved surface srestment.

Crling sgpificantly in-
crensod the havworial ik At
138007, there was & 5-dog kill
for Z or ¥ cpdes. A Cooperative
Research and Development
Agresment has been signed
with an indostry pariner,
Akar-RapidPak, Inc., Lodi,
Wis., to devdlop 8 commanial
walt inmgrating the VEY pro-
cess inte RepidPak packaging
wnchines, The spreement
tnitially aixned at hot dogs, but plans sre 1o expand the project
o pther ready-to-sat foods, RapidPek intends to introduce a
comsmercial versian of the hot dog packaging/pasteurization
srstern 1 2004,

- Pruits and Vegetsbles. There has besn an incrogsing
awareness that fruits and vogetables can and do couse food-
Doroe Hiness, The Centers for Discass Conteol and Prevention
seported that butween 1973 and 1987, 29 of the foodborme
outhreaks and 2% of the outhrob-associated toses were con-
nected with fesh produce and that between 1288 and 1991
these numbers increased to 5% and 8%, rospectively (Tary
ah, 19975 To 1969, 25,000 poople were infoored by Sedssomslle
frow cantaboupes.

W thevefore applied the VY process to various fruits and
vegetables (Kozempel et al, 2002}, Cantaloupes, grapefeuits,
and carsots were purchased ab the local supermurket and pro-
camsad a5 15, The produce was not inpoalated, Frocess condi-
thoms were appevinated, not optimized, R these ininial exper-
{rnents. Bacterial kil of naturally nccurring totel astobic plate
comnt was 3.4 Jog for cantaloupe, 3.6 log for grapefrait, and
5.0 bog By carrats.

V& optimized the process for cansalempes, grapefrobis, and
beets using (sctarlal experimental designs. Contaloupes and
grapefruits were inoculated, Beets werg not inoculated becauss
the maturally oocrering bacterial counts were sufBciently high
snd congistent to make inoadarion unmecessary. The bacierial
¥ill ranged from 2.5 log for bests o 3.5 Jog for cpntaloupes and
grapefruits. The process conditions were similar 1 those founc
with chicken and hot dogs, 0.1+0.2 sec steam time per gycle,
138-143°C steam, and 2 or 3 cpclen.

We also apphied the procsss to various other fralis and vege:
smbles uang ihe prosss condiions cuablished for thy proviows
commodities, Those products that 4id nor have consistently
niah namral bacterial counts were inoculated with L. dnnacia.
"The bacterial kill ranged from 2.5 10 4.7 log.

Thfortunately, the VSV process did not work for all froits
and vegerwbles. Peppers wxploded, Bananes splis snd turned
Ivack, Brocsoll turned bright gresn, indicative of blanching, The
adible part of caulifiower was acceprable, but the stalk and v
rurned bright green, again indicative of blapching. V3V-treated
cantifiower would probably be acceptable for fresh-cat products

» Catfish. Although catfish have not besn awosiated with
fonnd polsoning or recalls, e apphied the VBV provess fo i a5
well {Kozernsal 81 al, 2001h). Douglas Marshall of Mississippt
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Fig. 4—Bacterial kill on commodities processed in the VSV processor

‘State University shipped eviscerated catfish to our laboratory.
After rinsing the catfish, we inoculated it with L. innocua and
processed it. We optimized the process using factorial experi-
mental designs. Bacterial kill up to 2.5 log was achieved at opti-
mum process conditions of 4 cycles at 143°C steam, 0.1 sec
steam per cycle, and 0.5 sec vacuum time.

Fitting into Existing Processes

For most products, the usual VSV process conditions are 0.1
sec for vacuum and steam, except 0.5 sec for the final vacuum.
Steam is saturated at 138 or 143°C, and 2 or 3 cycles are pre-
ferred. Under these conditions, there is little or no thermal
damage. As shown in Fig. 4, bacterial reduction varies with the
product treated. With hot dogs that have a relatively smooth
surface, we achieved a 5-log kill with 3 cycles. Fruits and vege-
tables varied from 2.5- to 4.7-log kill. Chicken carcasses were
the hardest to treat. There are the cavity, feather follicles, skin,
and meat, plus numerous hiding places for bacteria, such as
under the wings and at both ends of the cavity. For chicken,
bacterial kill ranged from 1.1 to 1.6 log. The kill was also de-
pendent on the upstream processing operations at the plant
and possibly farm conditions, as evidenced by the variation in
kill with brand.

How the VSV process will fit into existing food processes will
depend on the product and use. Since the process treatment
time is so short, the VSV process can be integrated into existing
process lines. The hot dog treatment will be integrated into the
packaging step at the last possible moment before sealing. The
hot dogs, on a conveyor, will be placed into the plastic package
without the top. They will be subjected to the VSV step, then the
plastic top will be installed and the package sealed. Although the
processing unit would be mechanically quite different from our
prototype, the concept would be the same.

The process could be used for fruits and vegetables for the
fresh market but would be a better fit for fresh-cut product.
For the fresh market, the product would be processed like hot

dogs, i.e., processed during packaging. Packaging would pre-
vent recontamination. In a fresh-cut plant, the fruit or vegeta-
ble could be processed in the same equipment, without pack-
aging, or in a unit similar to our prototype but with multiple
chambers. The VSV process would be used before peeling or
cutting to prevent internal contamination.

The VSV process was originally intended for chicken. The
process would be inserted into the normal line before the cold
water chill tank. An alternative approach would be to use it af-
ter the chill tank. Either place would probably use a variation
of our prototype with multiple chambers.

Fish will require a different-shape treatment chamber. Ei-
ther a packaging-type unit or one similar to our prototype
with multiple chambers would work. Fish would be filleted af-
ter the VSV treatment and the fillets handled as usual.

We have reported on the obvious uses of the technology.
There are other not-so-obvious uses that have not been tried or
have been tried but not reported yet. For instance, can the pro-
cess be used to kill horticultural pests on fruits and vegetables?
Recent work (as yet unpublished) with lemons infested with
red scale insects achieved 100% kill. Can the process kill bacte-
ria on apples? Can it be used on small products like nuts, ber-
ries, or seeds? Further research will tell.
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